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Overview
What SuperSYNTH is and does

A Gamma-Ray Spectroscopy Interface to MCNP designed to
simplify modeling of laboratory and real world measurements

Requires MCNP to be installed and functioning to generate spectra
(doesn’t need MCNP if only generating an input deck)

Organizes the problem into six logical steps
Generates a fully commented and functional MCNP input deck

Runs MCNP, then parses the generated mctal file to produce a
spectrum that can be viewed and saved in a number of different
spectral data formats



An Over Simplified
Gamma-Ray Measurement
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Six Easy Pleces

(With apologies to Richard Feynman)

Source Geometry and Bulk Composition
Source Term (¢4*Am, 137Cs, 99Co, etc)
Absorbers (shape, location, composition, etc)
Sensor (type, size, resolution, etc)

Counting Parameters (energy calibration, etc)
Counting Environment (shield)

=> MCNP => Generated Gamma-Ray Spectrum



Source Geometry and Composition

- == ™
SourceGeometry @

Fite  Edit Autc Calc  Warnings

Source Geometry Composition

Style: |5m=.|| o Material. wgpy DOE 3013
Distance 2.3 cm Density: 15.84 g/icm*3
Off Axiz: 001 cm

Element A Atom
[] Rotate Disk i 1
Mazs: SEAT 103 g | Add Element | | Delete Element
Radius: 15 cm 94 239 1 § Plutonium
Thickness: g1 cm

| Cancel | | Return




Source Geometry

Mass  Off-Axis Edge-On

Point X
Sphere X X
Shell X X

Disk X X X



Source Term

-
ﬁ Source Terms

=

_— —
File Options [Irradiation Parameters... Help
Element lsotope Quantity Decay Time
= 1 dis 1 5
IActmlum v| 227 | - Bq (dis) ~
4 d # Min = 210 Max = 238 | Daughters |
1.00E+04d 270060 False 1s 60 Cobalt
Add to List 1.00E404d 950241 False 1= 241 Americium
1.00E404d 550137 False 1= 137 Cesium

‘ Remove from List ‘

‘ Procesz ‘

Library =  DAC# Projects\DatalibrariestNew _TORFSS. mdb

‘ Return




Gamma-Ray Data Libraries

 Enhanced TORI-99 (based on the LBL
Table of Radioactive Isotopes compilation
revised to 1999)

« PC_NuDat (based on the NNDC
compilation revised to 2004)

o User Supplied (It's an open format that
can implemented as a Microsoft Access or
SQLIite database



Library Server

= Library Server : in = |

File Edit: Options

MNuclide RBctivity (Bg) Ti/2 (=) iDl1
Co-&0 1.00000E+04
Am—241 1.00000E+04
Cs-137 1.00000E+04

Adding 21 Gammas for nuclide Co-&0
Adding 166 Gammas for nuclide Am—-2471
Adding 22 Gammas for nuclide C=s-137

Peaks added = 208
Peak= below the energy threshold (0.0 keV) = 0

Looking for duplicated peaks...

Searching for nuclides in file: D:\C# Projects‘DataLibraries\New TORI-95.mdb

- =



Absorbers

Fite  Edit Warnings

Absorber Geometry
Absorber Number: [3

Absorber Geometry ©

Distance

from Detector 10.0 £m

Off Axis: 0.0 cm

[] Rotate Disk

Radius: 19.4 Cm

Thickness: 1.0 cm
Absorbers

1, SHELL, -2.8 cm: 15.5 cm- 188 cm, |
2 SHELL, -28 cm: 189 cm-194cm, J

Edit | | Celete | |Del&te Li3t|

-~ —
$ Absorber Geometry and Material i N ﬁ

Composition

Material: abeorber 1

Density: 1.0 glcm®3
Element A Atom
0 1

Add Element | Delete Element |

’ Register Absorber ‘

Cancel |

Return |
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Absorber Geometries

Off-Axis Edge-On
e Shell X

e Disk X X
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Sensors

Detailed High Purity Coaxial Ge (Gec)
Generic Right Circular Cylinder (RCC)
Generic Box (planar Ge, Large PVT, etc)

The RCC and Box sensors may be any
reasonable size and composition ( there are a
number of standard default compositions + user
defined materials {Tomato Soup?} )
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Sensors

* Ge sensors have many adjustable
parameters in addition to the crystal
dimensions

« All three sensor types have a list of
standard EndCap and Window materials
and allow a “User Defined” material for
either of these components
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Germanium Diode

{ 'E Frm_Geloax

Eile  Edit FWHM  Description
Detector _ = =
@ Gec (7)) RECC 7)) Box
Detector Materiale and Geometry
Diode "Type™ : =] -
Diameter: 7.62 cm
Length: 7682 CHl
Bulletized; [#
D&ad. Layer... 0.070 s
Face:
Walls: 0.070 cm
Heole Diameter: 1.00 cm
Hole Offzet: 1.40 cm
EndCap: Al -
EndCap 0.05 cm
Thickness:
Window: User Defined -
Window D.0s om
Thickness:
EndCap Spacing: .30 cm

|

Composzition

™) End Cap
@ EndCapWindow

Material carbon Fiber

Density: 005 glem™3

Element A Atom
- ] i

| AddElement | | Delete Element |

6 0 1 5 Carbon

Register Material
Cancel | Return
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Germanium Diode Model

1: DAMCNMSyngen

(=1 B

2: DAMCNP\Syngen
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RCC Sensor

(] an_RCCDetectqrj e |

Fite  Edit FWHM  Description
Detector = e e Composition
/A Se @ Detector |
Detector Materials and Geometry i) EndtCap
_— i) EndCapWindow
Sensor : Uzer Defined -
Waterial:
Diameter: 1270 cm alenial Tomato Soup
Density: 0957 glcm®3
Length: 5.08 i
| Element A Atom
- 0 1
Dread Layer 0.000 cm
Thickness: | AddElement | | Delete Element |
_ —————————————— 1 -0 31 % Hydrogen
EndCap: Al - 6 0 1% 5 Carbon
EndCap 1 i 2 0 11 50xygen
Thickness: ’
Window: Al -
Window 0.0s cm
I Thickness: Register Material
EndCap Spacing g ps cm
l




RCC Sensor Model

11 paMCNmSynigen

Update

[ Sicbsl L] [ 73105
Label CEL vl
|

|o

| 42804

[z :_J]'.-:s:m
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Eloes
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Box Sensor

Box Detector

Fite  Edit FWHM  Description

Detector _ = =
) Gec (0) RCC @ Box

Detector Materials and Geometry

Sensor: Mal - |
Width: T.62 Cm
Length: T.62 Cm
Depth : T.62 Cm
Dead Layer
Thicknezs: b s
EndCap: Al - |
EndCap

0.05 cm
Thickness:
Window: Uzer Defined - |
Window =
Thickness: 0.05 =
EndCap Spacing g 2¢0 Cm

Cancel

oo N0 - =

Composition
(") Detector
™y End Cap
@ EndCapWindow

Material Carbon Fiber
Density: 005 ofem*3

Element A Atom

- | 0 i
Add Element ] Delete Element I

6 0 1 SCarbon

Register Material

Return
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Tools to make life a bit easier

» GEB coefficient calculator to fit the MCNP
Full Width at Half Maximum function

FWHM = a + b*\E + cE?
to experimental data

* A Materials Library utility
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GEB Coefficient Calculator

-

Calculate GEB Coefficients from file: Nal.cal

File
Energy (keV')

Add

Energy - FWHM Pairs

[_s1.0, 1311 )Y

——— 250 [
Celete 1 [ ]
FWHM I:k&"l.l"} |J 113 . C',- J.-5 . 2'5 ]
. N [ ]
— 159.0, 18.29 200 [ ]
208.0, 22.67 = B
GEB Coefficients ZE20,. 2823 2 ol
320.0, 31.65 |g| = i
a |-0.00783 411.0, 37.85 % i
b [g0s7ET 478.0, 41.20 100 .
661.0, 50.30 [
& |0.2098 835.0, G0.62 | 501
10670, To.00 F°
Select Default Parameters 1114.4, T0.07 P OO VRIS SR eee. e
1000 2000 3000 2000
277 . 4 o o
= LETRA 3 Energy (keV)
Cetails
———————————————————————— I T e T B Bl e el | e *
|
Calibration Peaks Sgrt (E) a + b Sgrt(E + cE~2) |Ei
Energy FWHM Fit Dev Fit Dev s
81.00 13.110 Y2335 —-0.7748 11561 —=1. 545
113.00 15.260 15.57T0 0.3101 15.14%9 =011
155.00 18.280 19.638 13475 TS 55T 1. 267 |
208.00 22.670 s B .t 1T 0.82&7 23.4650 0.580 >
Cancel ] [ Return ‘
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Materials Library Utility

i =
Materials Library from: matenals.mlb M
File
Boron Carbide, = Matedal Concrete L (Limestone}
Bricks, Common Silica, Number 320
Cadmium, H
Carbon, Amorphous, Densty 2337
Carbon, Graphite, E
Carbon Tetrachlorde,
Cesu_u_'n lodide, 9 1000.02p 0.05408 % Hydrogen
Chromium, 6000.02p 0.154136 S Carbon
Concrete, Ordinary, 2000.02p 0560122 £ Chorgen
Concrete, Barte {Type BA), 12000.02p 0.001239 $ Magnesium
Concrete, Portland, 13000.02p 0.003517 % Aluminum
Concrete, Type 04, . 14000.02p 0.007873 § Siicon
Concrete, LS, imestone & silicates 20000.02p 0176285 5 Calcium

26000.07p 0.00265 5 lron

Concrete, Magnetite,
Concrete, Fermo-phosphorus,
Concrete, Irondimonite,
Concrete, Iron-portland,
Concrete, Colemanite-bante,
Concrete, Boron Frits-bante,

Concrete, Lumnite-colemanite-baryt 7
Concrete, Lumniteportland-coleman = | Copy Material

OO0 OooOo0O0O00O00O0Oo o000 00000000




Counting Parameters

F N
! Counting Parameters ﬁ

Eile

Energy Calibration

Zero= | (keV)
Gain= 075 (ke Jch)
Quad= ¢ (keV [/ ch*2)

[ Nal Irtrinsic Non-Linearity

ADC

Channels = |apgs -

Live Time = 1000 Sec.
Full Scale Enengy

3072 (keV) Return




Counting Environment

e

CountingEnvironment:

File  Edit

Composition

Qﬂ-h.,_,___‘_____,d..a-f_j Material [T

'\"-‘_\_\_‘_\_\_\—'_‘_.-'_'_'_,_l—"'
Density: 2 051 gicm®3
Thickness: 0201 cm
® Element A Atom
| =N 1

[ AddElement | | Delete Element |

29 4 1 % Copper

innerCeiing. Copper, ma1
InnervWall: Copper, mil2
InnerFioor: Copper, ma03

| Register Material ‘

OuterCeiling: Lead, m305
Outeralt Lead, ma0s
OuterFloor: Lead, mao7 _ | Cancel | Return

L% -




Generated Input Deck

-
SuperSYNTH l—

=

f . \ An MCNP input deck has been generated in the folder: DAMCNPY
' Do youwant to run MCNP now?

« All of the surfaces in the generated input deck
are on translation cards so you can easily pull

one or more components out of the model and
reuse them in another project!
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c
¢ Outer Shield

c
906 4 cz 32.768 $ Outer Bounding cylinder
907 4 pz 49.966 $ Outer Bounding top Surface
908 4 pz -45.570 $ Outer Bounding bottom Surface
c
¢ REQUIRED blank line to separate Surface cards fro m Data cards
c kkkkkkkkkkkkkhkhkkhkkkhkkkhkkkhkkkhkkhkkx Data CaI’dS *kkkk *kkkkkkkkkhkkhkkkhkkkhkkhkkhkkkkhkkkx
c
c
¢ Surface Translation Cards
c
¢ Translations to move detector and other elements to appropriate location and
c orientation. The detector, as defined above, is p ointed in the +z direction.
¢ The translation cards below rotate the detector t 0 be facing along different
C axes.
c
o Xy z xx'yx'zx' xy'yy' zy' X z'yz' z7'
c*trl] 0 0-8 0 90 90 90 180 90 $ rotate +z to -z
c*rl-4 0 0 90 90 0O 90 0 90 $ rotate +z to -x
c*rl 400 90 0 90 90 90 0 $ rotate +z to +x
c*trl 0-4 0 0 90 90 90 90 0 $ rotate +z to -y
c*trl 040 90 90 0O 0 90 90 $ rotate +z to +y
c*trl 0 O 4 $no rotation, just translation
c
¢ The following translations are used in this model
c

Trl 0.0 0.0 0.0 $ Sensor

Tr2 0.0 0.0 0.0 $ Source

Tr3 0.0 0.0 0.0 $ Absorbers
Tr4 0.0 0.0 0.0 $ Environment
C
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Check the Geometry

=i |
IGk:ba! x| [=semz [0 EEE [z ~][room [0 [o ; | |Gﬂohai x| Jesiees  [azomes [z va =] 70000
o R [ [ R | e [ 5 T o i o o
Calor By: | MAT ; Zoom out -} Zooi Cmgy:IMAT 'I Zoom out -} Zom
=




And the Source Location

"VE MCNPX Visual Edit \Syngen
B, ks e Mt
File Input UpdatePlots Surface Cell Source Data Run  Particle Display Tally Plots  Crosssection plots 3D View  CAD import Read again  Backup 'Website Options View Help
(158 For support wisit: Wwhafn/ MCNFYISED, COM -
| i warning. plat plane caincident with suface 85 ]

e [ |aning, el plene conciget vilhsuface €5

creating file inpr.say
o creating file inpr.say |
1; DAMCNP\Syngen (= =@=] 2 DAMCNP\Syngen =<
Update |okbsl »| |-248888 [0 | 220485 [z =] |too00 o [o Update |obal w| [-187305 | [-te2ets  |25.4381 [ =][too o Te

Last| tedt| | yaper [CEL v tevet|®0 < [0 o 1.000 ﬂ I Laber [CEL = teva[10 =] [0 1o o
Reset I Color By; | MAT - Zoom out 1 Zoni| Resat Caolar E,y;JHAT - Zoanmn ot I} Zom

m|

I Zoom [ Zoom
[ Cigin [ Cwigin
0.2652 (1]

|v R=fresh v Refresh
T 5w F I Swf |
T Unused [ Unusad
I cen[ie I~ cai e
I Coler I~ Coler
v Facets v Facets
WV Mech- WW Mesh
Ceil Linz - | Call Line v |
I Rect T Rect
[ tal mesh [ tzlmesh
Rotate sbout Rotate sbowt
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Estimate MCNP Run Time

e Test run with nps 1000000

-

BE C\Windows\systemn32\cmd.exe - menip.bat tester /c

varning. material has= conductor.
varning. material has conductor.
varning. material has conductor.
varning. material has conductor.
varning. material has conductor.
varning. material has conductor.
varning. material has conductor.

varning. material has conductor.

varning. material has conductor.

ctm =
dump 1 on file testerr nps =
xact iz done

cpd a.82

EEEETA
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MCNP Run Options

e Calculate the full run time and display
some options

Estimated MCNP Run Time | IBEESS|

Estimated Rurnning Time in Minutes:

7.4

(1 Modify the Run Time |

@ Run MCHP

1 Abort Calculation
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Running the Selected Option

-

B CA\Windows\system32icmd.exe - menip.bat syngen /k

. varning. material - "6 has conductor.
varning. material has conductor.
varning. material has conductor.

varning. material has conductor.

varning. material has conductor.

varning. material has conductor.
varning. material has conductor.

varning. material has conductor.

varning. material has conductor.

ctm
dump 1 on file syngenr nps
xact iz done

cpd a.82




View the Generated Spectrum

. N N
A, Spectrum: ESESC
E
File Plot Options Help
Scale: [S@i_'nj_-ng ] [ Linear | Grid: [HUJ'_ZIE.J | Coarse | | Fine | Drag: [F.LbbﬂrBﬂndanﬂJ [ Vertical and Horizantal l
Energy (keV)
a 500 10040 1500 20040 2500 3000
10000 I : I j : : I I : j : I I I : j : I : : I I
1000 =
= 100 F —=
= 3 3
a" o -
e [ 1
10 44
1E NE
oo w B e o wes W owowow s B e e e well O
500 1000 1500 2000 2500 20090 3500 4000
Channel
Options e
|| Backoround
[none]
___I Reference
inanc] Return l
I
e -
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Break / Questions
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Practical
Source
— Point, Volume

Source Term
— No decay, Decay

Absorbers

Detectors
— Ge, RCC, Box

Electronics
Environment
Spectrum Options
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